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PARAMETER FUNCTION
LAYER CUT LAYER (IMPLIES LAYER ABOVE AND LAYER BELOW)
NX 1,2,3 NUMBER OF POINTS IN X {PITCH SET BY TECHNOLOGY)
N 1,2,3 NUMBER OF POINTS IN'y (PITCH SET BY TECHNOLOGY)
OX -N..0..+*N X OFFSET (INTEGER UNITS OF THE CUT LAYER GRID)
oy -N...0..+N Y OFFSET (INTEGER UNITS OF THE CUT LAYER GRID)
pm LIST OF FLOAT NUMBERS SPECIAL PITCH MULTIPLIER (APPLIED TO NORMAL PITCH)
om 1.0 TO 1.0 (LIST) SPECIAL OFFSET (RELATIVE TO SPECIAL PITCH]
nfa DC, RIGHT WAY, WRONG WAY (PREFERRED EXTENSION DIRECTION (ABOVE}
nfb DC, RIGHT WAY, WRONG WAY |PREFERRED EXTENSION DIRECTION (BELOW)

FIG. 2
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GRIDDED GLYPH GEOMETRIC OBJECTS
(L3GO) DESIGN METHOD

CROSS REFERENCE TO RELATED
APPLICATION

The present invention 1s related to published U.S. Pat. No.
7,536,664, “PHYSICAL DESIGN SYSTEM AND
METHOD” to Cohn et al., published as US 2006/0036977
Al, filed Aug. 12, 2004 and published Feb. 16, 2006, and to
U.S. Pat. No. 7,900,178, “INTEGRATED CIRCUIT (IC)
DESIGN METHOD, SYSTEM AND PROGRAM PROD-
UCT” to Culp et al., filed Feb. 28, 2008, both assigned to the
assignee ol the present invention.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention 1s related to circuit design and more
particularly to chip design systems and computer aided
design (CAD) systems for designing printed circuits, inte-
grated circuits (ICs) and IC chips.

2. Background Description

A typical mtegrated circuit (IC) chip includes a stack of
several sequentially formed layers of shapes. Each layer 1s
stacked or overlaid on a prior layer and patterned to form the
shapes that define devices (e.g., field effect transistors
(FETs)) and wires that connect the devices 1nto circuits. Typi-
cal such connections are through vertical inter-level intercon-
nects such as a device contact, ¢.g., to diflusion or a gate, or
what 1s known as a via between wiring levels. Each of these
layers of shapes, also known as mask levels or just levels, may
be created or printed optically through well known photo-
lithographic masking, photo-developing and level definition
techniques, e.g., etching, implanting, deposition and etc. Ide-
ally, fabrication parameters such as process biases, applied to
features on a particular layer, atfect all features on that layer
uniformly. However, all features do not respond uniformly.

While 1deally contacts and vias have zero resistance, each
contact or via has an imherent resistance that 1s inversely
proportional to contact/via size and what 1s referred to as the
its leading edge. For a typical non-critical signal line driving
a capacitive load (C), even several picofarads (pi), a contact/
via that adds tens and perhaps hundreds of Ohms (£2) of
contact resistance (R) to the signal path, adds delay (RC) to
the path that may be neglectable. So typically, minimum
dimension contacts and vias are used in non-critical signal
paths. However, where relatively large currents flow through
such a contact/via, this same contact resistance can cause
relatively large voltage drops or voltage spikes (e.g., 20% of
the supply voltage or more) that are very troublesome. The
simplest way to reduce contact resistance 1s to make the
contacts and vias larger. Unfortunately, different sized con-
tact shapes and vias behave differently to focus and subse-
quent fabrication processing.

When small, minimum dimension shapes print and etch to
form desired contacts or vias, large shapes for larger contacts
tend to expand. The design shape washes out and, perhaps,
encroaches on neighboring circuits or may at least be larger
than the adjacent layer (above and below) shapes being con-
nected, 1.e., having mnadequate coverage. Consequently, this
encroachment may cause unwanted shorts to those neighbor-
ing circuits or wiring. By contrast, when the larger shapes are
the target for printing and etching, the smaller, minimum
dimension shapes may not open (1.€., contacts or vias may fail
to form). Consequently, resulting circuits may have open
signal lines. FEither result 1s undesirable, causing chips to fail
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and reducing chip vield. Either of these results 1s undesirable
and may cause failing chips, 1.e., yield loss.

Typically, to avoid erther extreme and the resulting yield
loss, contacts and vias are constrained to a single size across
an entire design. For example, contact/via shapes may be
constrained all one, e¢.g., minimum dimension, with larger
contacts/vias being replaced with an array of these smaller
shapes on a minimum pitch.

U.S. Pat. No. 7,536,664, “Physical Design System And
Method™” to Cohn et al., teaches a circuit design format that 1s
now known as gridded glyph geometric objects (LL3GO) for-
mat. In particular, a L3GO layout 1s, essentially, an extension
to a conventional design with few optional conventional
shapes, but primarily much simpler L3GO-specific compo-
nents, 1.e., grids, glyphs and attributes, on a much more coarse
orid. The grid 1s a regular rectangular array of points, all of
which are subsets of a built-in manufacturing grid. Each
glyph 1s specified with respect to the grid and assigned to a
layer, e.g., by attributes. Also, attributes assigned to each
glyph may carry arbitrary additional information including,
for example, design intent, e.g., indicating that a polysilicon
level glyph 1s 1n a timing-critical net.

Generally, typical L3GO layouts include three simple geo-
metric types of primitives or glyphs, point glyphs (also
referred to herein as points), stick glyphs (also referred to
herein as sticks) and rectangle glyphs (also referred to herein
as rectangles). Point glyphs are dimensionless or 0-dimen-
sional points lying at grid points and are typically used for
vertical interconnections, €.g., contacts and vias. Stick glyphs
are 1-dimensional line segments drawn between two grid
points. Typically, stick glyphs are used for FE'T gates or for
interconnections. Rectangle glyphs are 2-dimensional, axis-
aligned rectangles with vertices on grid points, typically used
for diffusion regions. As with polygonal shapes in conven-
tional layouts, each L3GO glyph resides on a particular
design layer (e.g., POLY, DIFF), which indicates 1ts function,
waler material and etc.

Unfortunately, using a point glyph alone (e.g., apointon a
via layer) to represent vias, especially using multiple, redun-
dant vias forming a single connection, has been inetlective 1n
capturing design intent. Adding an array of point glyphs that
may not allow a minimum pitch array has not proven effective
either.

Thus, there 1s a need for design tools that efficiently locate
arrays ol contacts or vias 1n a typical circuit design.

SUMMARY OF THE INVENTION

It 1s a purpose of the mvention to simplify circuit physical
design;

It 1s yet another purpose of the invention to reduce the cost
and risk of layout generation and layout checking of circuits
with arrays of inter-level contacts at selected inter-level con-
nections;

It 1s yet another purpose of the invention to improve the
eificiency of layout data preparation i designs with arrays of
inter-level contacts at selected inter-level connections;

It 1s yet another purpose of the invention to improve the
elficiency of layouts including and 1n using arrays of inter-
level contacts 1n gridded glyph geometric objects (L3GO)
format designs.

The present invention relates to a method of gridded glyph
geometric objects (L3GO) integrated circuit (IC) design,
wherein at least one inter-level connect in a L3GO circuit
design 1s represented as a point matrix glyph (PMG) on a
L.3GO gnid. Each PMG connects a pair of conductors on the
next adjacent (above and below) layer and includes an array
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(one or two dimensional) of point glyphs contained within a
cage. The point glyphs may have uniform size and may be on
mimmum pitch. Each PMG may also include a flange on the
above and below layer. A default tflange insures adequate
coverage ol cut shapes represented by the point glyphs. d

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, aspects and advantages
will be better understood from the following detailed descrip- 10
tion of a preferred embodiment of the 1invention with refer-
ence to the drawings, 1n which:

FIG. 1 shows a simple example of a point matrix glyph
(PMG) located at a grid point origin 1n a gridded glyph geo-
metric objects (LL3GO) design, according to a preferred 15
embodiment of the present invention;

FIG. 2 shows a table with an example of glyph attributes;

FIGS. 3A-B shows another example 1n an application of a
one by two PMG connecting a pair of stick glyphs;

FIG. 4 shows an example of including PMGs 1n a L3GO 20
design.

DESCRIPTION OF PREFERRED
EMBODIMENTS

25
Turning now to the drawings and, more particularly, FIG. 1
shows a simple example of a point matrix glyph (PMG) 100
located at origin 102 on a grid point on a placement grid 104
in a gridded glyph geometric objects (LL3GO) design, accord-
ing to a preferred embodiment of the present mnvention. Pref- 30
erably, a PMG 100 1s a multi-layer cell-glyph that may be
used to locate a via array connecting metal layers or a contact
array, €.g., connecting metal to diffusion. In particular, PMGs
100 have application 1n circuit design, e.g., integrated circuit
(IC) chip grid and glyph design, such as 1s described in U.S. 35
Pat. No. 7,536,664, “Physical Design System And Method”
to Cohn et al., assigned to the assignee of the present mven-
tion and 1ncorporated herein by retference. A PMG 100 may
be placed at an itersection of two stick glyphs to connect
those two stick glyphs with an array of contacts/vias with the 40

connection located for physical checking e.g., as described by
Cohn et al., at the PMG origin 102.

Unlike simple glyphs taught by Cohn et al., a PMG 100 1s
a multi-layer cell-glyph, i this example, a discrete array of
point glyphs 106 clustered 1n a matrix. A rectangle or cage 45
108 encloses or bounds the point glyph 106 matrix and 1den-
tifies a nominal connecting conductor (e.g., metal, polysili-
con and/or diffusion above and below) coverage area. The
PMG 100 also includes a default flange 110 that defines
conductor shapes on conducting layers above and below the 50
point glyph 106 matrix layer. The default flange 110 1s the
mimmum to provide adequate contact coverage. Also,
optional biasing tlanges 112, 114 are included for selectively
extending coverage 1n one direction (e.g., the X direction) or
the other (the y direction). The PMG 100 may be located atan 55
offset from the origin 102 as indicated by offset vector 116.
Although not part of the PMG 100, this example includes a
physical design for a contact or via 118 shown with each of
the point glyphs 106.

Each PMG 100 may be implemented as either a set or class 60
of cells, a parameterized cell or a representation with a dis-
crete set of allowed parameters. Further, the PMG cell 100
contains both graphical objects (point and cage glyphs) 106,
108 and attributes describing the PMG 100 configuration.
Afterplacing the PMG 100, L3GO ground rule checking may 65
be done on the connection, e.g., as described in Cohn et al., to
determine L.3GO ground rule legality. Then, the design passes

4

to elaboration, where appropriate elaboration (translation
into manufacturable target shapes) 1s determine by L3GO
elaboration, also as described 1n Cohn et al.

More particularly, the PMG origin 102 1s constrained to be
on the grid 104 and defined for the connection layer, e.g.,
contact (ca) layer, first via (v1) layer, second via (v2) layer. A
PMG 100 1s placed at a intersection of 2 stick glyphs on
vertically adjacent conducting/conductor layers (diffusion,
polysilicon or metal) to form a connection at the PMG origin
102. The point glyphs form a matrix 1n a 2 dimensional array
(nx, ny) of point glyphs 106 with uniform spacing, each
nominally representing a single contact or via (cut shape)
118. Each point glyph 106 1s represented by a minimum size
(for the particular design tool) circle centered at the glyph
point. The actual cut shapes 118 are not constrained to be on
the cut layer grid, only the PMG origin 102. Moreover,
although the stick glyph intersection 1s located at the origin
102 of the PMG 100, the geometric center may displaced
from the origin 102 by an offset (0x, oy) 116. The PMG cage
108 1s the least enclosing rectangle of the matrix of individual
point glyphs 106, and 1s the primary indicator of the spatial
extent of the preferred PMG 100.

To msure adequate contact/via 118 coverage, shapes on
both conductor layers, above and below, must extend beyond
the cage by a suificient amount, typically by a length/width
that 1s technology dependent. So, the PMG 100 includes a
default flange 110 that may be considered suificient to pro-
vide adequate contact coverage. Normally, conductor layers
are oriented 1n a single direction with adjacent conductor
layers being oriented in orthogonal directions. Typically,
when lines are printed, they foreshorten slightly. So, to com-
pensate for this foreshortenming, lines are slightly lengthened
or extended beyond its termination point at contact/via.

This compensation may be accomplished by selecting
optional biasing flanges 112, 114. These optional biasing
flanges 112, 114 may be selected for each conductor layer
(above and below layer) with additional PMG parameters/
attributes that indicate preferred metal coverage. This pre-
terred metal coverage may be indicated as a “don’t care” (no
compensation) or relative to a preferred direction for the
layer, e.g., extending the flange 1n or, orthogonal to, a pre-
terred direction.

FIG. 2 shows an example of a glyph attribute table 120,
listing glyph attributes and identifying particular PMG glyph
parameters, a range or valid values for each parameter with a
function for each. A layer parameter defines the cut shape
layer (e.g., ca, vl or v2). By identiiying the particular contact
or cut layer, the layers being connected (above and below the
contact) are also defined. Point glyph matrix dimensions indi-
cate the number of points in each (e.g., x and y) grid direction
with default point glyph pitch set by the particular technol-
ogy, which may or may not be directionally dependent. The
PMG 100 ofiset 1s an integer 1n grid units, the minimum
L.3GO granulanty, and 1s the offset between the PMG origin
102 and geometric center. Also, a pitch multiplier (pm) and
pitch offset (om) allow for adjusting the point glyph matrix in
one direction. In particular, for a non-default point glyph
matrix that is are restricted 1n range, the pitch multiplier and
offset are applied 1n only one direction and the offset in the
other direction must be zero. A preferred extension (flange)
direction may be selected for the flange 1n the layer above
(pia) and the layer below (pib). So for each layer, the flange
may be setto a: don’t care (DC), rnght way (in the layer wiring
direction) and wrong way (orthogonal to the layer wiring
direction).

FIGS. 3A-B show another example of application of a one
(nx=1) by two (ny=2) preterred PMG 130 connecting a pair of
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stick glyphs 132, 134, with like features labeled 1dentically as
FIG. 1. A connection shape 136 at the origin 102 facilitates
design checking. Although the offset parameters (ox, oy) are
zero 1n this example, a pitch multiplier (pm=0.8) 138 and
pitch offset (om=0.5) 140 have been applied. As can be seen
from this example, each preferred PMG addresses specific
spacing needs for specific levels, e.g., adjacent wiring layers.
The pair of stick glyphs 132, 134 represent wires 142, 144
and, for signal path/logic checking, are considered to connect
at the connection shape 136 located at PMG origin 102. As
can be seen from FIG. 3B, without the flanges 110, 112, 114
from FIG. 3A, the two wires 142, 144 may connect, but
contact/via 118 coverage 1s clearly inadequate. Thus by both
locating the origin on the intersection of the stick glyphs 132,
134 and including the flanges 110, 112 or 114 on the respec-
tive wiring layers with wires 142, 144, the wires 142, 144
connect and with adequate contact/via 118 coverage by
design.

FIG. 4 shows an example 150 of including PMGs 1n a
design according to a preferred embodiment of the present
invention. First, in step 152 a L3GO circuit design 1s input.
The L3GO circuit design includes at least one circuit repre-
sented as glyphs located on a grid. Inter-level transitions
between two conductive levels (e.g., metal diffusion or poly-
s1licon) are connected by inter-level connects such as contacts
and vias that are represented as point glyphs with a selected
uniform size, typically mimimum size. In step 154 L3GO
portions of the design may be checked for current sensitive
nets, 1.€., those nets that may encounter unacceptable voltage
drops from voltage spikes or otherwise. For example, current
sensitive nets may be 1dentified as those nets where current
through a mimimum size contact 1s such that the voltage
across the contact resistance may exceed a maximum
accepted voltage. Next in step 156 current sensitive connects
are 1dentified i each current sensitive nets. Connects at the
end of a net encounter much less current or much smaller
current spikes than nets close to a source such as a driver.
Then, 1n step 158 each identified current sensitive connect 1s
replaced with a PMG. Optionally, contacts may be selected
for replacement by design, e.g., manually. In step 160 signal
paths are checked to insure connectivity, substantially as
described in Cohn et al.

A design that includes one or more PMG 1s treated sub-

stantially the same as simpler primitive glyphs described 1n
Cohn et al., except for PMG specific checking and 1n DRC

162 and elaboration 164. In particular, during DRC 162 each
PMG 1s checked for legal placement and orientation. Also,
cach PMG 1s checked for legal overlap with geometric glyphs
and other PMGs. Finally, during DRC 162 each PMG 1s
checked for also 1s checked enough room for extensions
(tflanges) as well as for legal spacing to non-connected glyphs
and PMGs.

During elaboration 164 each PMG 1s converted (with every
simpler primitive glyphs) into mask target shapes. So with
reference to FIGS. 3A-B, just as stick glyphs 132, 134 are
converted to wires 142, 144, elaboration 164 converts the
array/matrix of point glyphs 106 to a contact/via cut shapes
118. The cut shapes 118, normally square or rectangular
shapes, may be moved/modified/mapped as long as the result-
ing targets correspond to the intended current capacity and
resistance. Elaboration 164 also generates the flanges 110,
112, 114 biased according to PMG attributes to insure proper
coverage at wiring layers below and above the contact/via cut
shape 118 matrix and optimizes that coverage in the context
of adjacent metal and vias.

Furthermore, the PMG attributes may include a relative
priority so that optimizations may be adjusted, by design and
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individually on a per PMG (connection) basis. Also, coverage
can be adjusted for specific design goals. For example, the
metal extension over a clock via may be increased with
respect to an adjacent signal via for improved parametric
timing. Alternately, the PMG metal coverage may be set for
one or more scan net to optimize defect limited yield, instead
of for parametric performance.
Advantageously, contact/via arrays may be placed as (or
large contacts may be replaced with) a simple glyph matrix or
PMG 1n L3GO designs, to quickly and simply locate the
contacts. PMGs and circuits including PMGs are easily and
simply checked, both by using the PMG origin for logic
checking and the bounding box or cage for design rule check-
ing. A marker at the origin may be used in logic checking to
detect line glyph connections for lines above and below each
cut point. Also, contact coverage for such a preferred PMG
array 1s correct by design as 1s contact spacing and spacing to
adjacent features and structures. Further, PMGs are process
independent allowing elaboration to re-map the cut matrix
into alternative cut patterns. Each PMG may be expanded or
shrunk, simply by increasing/decreasing matrix dimensions.
While the invention has been described 1n terms of pre-
terred embodiments, those skilled 1n the art will recognize
that the invention can be practiced with modification within
the spirit and scope of the appended claims. It 1s intended that
all such variations and modifications fall within the scope of
the appended claims. Examples and drawings are, accord-
ingly, to be regarded as 1llustrative rather than restrictive.
What 1s claimed 1s:
1. A method of gridded glyph geometric objects (L3GO)
integrated circuit (IC) design comprising:
representing at least one inter-level connect 1n a circuit
design as a point matrix glyph (PMG) on a L3GO grid,
cach said PMG being a multi-layer cell-glyph compris-
ing an array of said point glyphs on an inter-level con-
nect layer contained within a cage identifying a nominal
connecting conductor coverage area, and at least one
flange on each of a level above and below said array;

checking .3GO IC signal paths for connectivity;

checking said L3GO IC design for compliance with design
rules; and

converting each said PMG to an array of imter-level con-

nects between a pair of conductors.

2. A method of L3GO IC design as in claim 1, wherein said
point glyphs 1n each said inter-level connect layer have a
selected uniform size.

3. Amethod of L3GO IC design as in claim 2, wherein said
at least one flange comprises a default flange and extension
flanges, cut shapes represented by said point glyphs having a
minimum acceptable coverage by said default flange.

4. A method of L3GO IC design as 1in claim 2, wherein at
least one PMG includes a pitch multiplier and a pitch offset
and representing further comprises applying said pitch mul-
tiplier and said pitch offset to said array.

5. A method of L3GO IC design as 1n claim 2, wherein
representing further comprises locating the origin of said
cach PMG at a connection of conductors on said each level
above and below said array.

6. A method of L3GO IC design as in claim 5, wherein
checking L.3GO IC signal paths comprises:

placing a marker at the origin of said each PMG; and

checking for connection between a stick glyph on each

level above and below said array.

7. A method of L3GO IC design as in claim 3, wherein
design rule checking comprises:

checking said each PMG for legal placement and orienta-

tion;
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checking said each PMG for legal overlap with geometric

glyphs and other PMGs; and

checking said each PMG {for legal spacing to non-con-

nected glyphs and PMGs.
8. A method of L3GO IC design as 1in claim 7, wherein
checking said each PMG for legal spacing comprises ensur-
ing suilicient room for tlange extensions.
9. A method of gridded glyph geometric objects (L3GO)
integrated circuit (IC) design comprising:
inputting a circuit design, at least one circuit in said circuit
design being represented as glyphs located on a grnid 1n
said L3GO format, inter-level connects being repre-
sented as point glyphs with a selected uniform size;

checking .3GO portions of said circuit design for current
sensitive nets, current sensitive nets being nets having at
least one 1nter-level transition, wherein net voltage from
current through point glyph contact resistance exceeds a
selected maximum voltage;

identifying current sensitive inter-level transitions 1n each
1dentified inter-level connect; and

replacing each 1dentified current sensitive inter-level tran-
sition with a point matrix glyph (PMG), each said PMG
being a multi-layer cell-glyph comprising an array of
said point glyphs on one layer contained within a cage
identifying a nominal connecting conductor coverage
area, and at least one flange on each of a level above and
below said array.

10. A method of L3GO IC design as in claim 9, wherein
said at least one flange comprises extension flanges.
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11. A method of L3GO IC design as 1n claim 9, wherein at
least one PMG includes a pitch multiplier and a pitch offset.

12. A method of L3GO IC design as in claim 9, wherein the
origin of said each PMG locates connection of conductors on
said each level above and below said array.

13. A method of L3GO IC design as in claim 12, further
comprising;

checking L3GO IC signal paths; and

checking said L3GO IC design for compliance with design
rules.

14. A method of L3GO IC design as in claim 13, wherein
checking L.3GO IC signal paths comprises:

placing a marker at the origin of said each PMG; and

checking for connection between a stick glyph on each

level above and below said array.

15. A method of L3GO IC design as in claim 13, wherein
design rule checking comprises:

checking said each PMG for legal placement and orienta-

tion;

checking said each PMG for legal overlap with geometric

glyphs and other PMGs; and

checking said each PMG for legal spacing to non-con-

nected glyphs and PMGs.

16. A method of L3GO IC design as 1n claim 15, wherein
checking said each PMG {for legal spacing comprises ensur-
ing suilicient room for tlange extensions.

17. A method of L3GO IC design as 1n claim 13, further

comprising converting each said PMG to an array of inter-
level connects between a pair of conductors.
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